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(57) ABSTRACT 

The invention relates to a sensor for detecting substance 
concentration or activity or for determining the presence of 
substances based on electrochemical reactions. The electro 
chemical sensor comprises an electrode With surfaces inside 
the electrode, Wherein electrochemical detection reactions 
occur. Said sensor guarantees high ?oW densities and is 
suitable for miniaturization. A substance-recognizing agent 
is advantageously placed in the electrode in contact With the 
inner surfaces. This enables not only short response times 
and long service life but also measurements With excellent 
linearity. 

19 Claims, 7 Drawing Sheets 
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ELECTROCHEMICAL SENSOR 

The invention relates to a sensor for determining material 
concentrations, activities or for material detection on the 
basis of electrochemical reactions. 

Astructure often used in electrochemical sensors consists 
of a ?at support, on Which is arranged a ?at detection 
electrode. This electrode is in contact With the sample 
medium. Certain materials, in the case of platinum elec 
trodes for example hydrogen peroxide, may be detected 
electrochemically as a result of electrochemical reactions on 
the electrode surface. 

The disadvantage of sensor arrangements of this type is 
the comparatively small electrode surface and the often loW 
current densities resulting therefrom. Particularly in the 
course of advancing miniaturization, the surface dimensions 
of ?at electrodes required to achieve suf?ciently high current 
densities are often an insurmountable limit to smaller sensor 
structural shapes. 

The ?at sensor electrode is often in contact With a 
material-recogniZing substance in the form of a thin mem 
brane. Materials Which may be detected electrochemically at 
the electrode are formed in the membrane due to a speci?c 
detection reaction. 
A thin membrane guarantees short diffusion paths from 

the site of the chemical detection reaction to the electrode 
and hence short response times. A further advantage of thin 
membranes is also the avoidance of substrate limitations. In 
the case of glucose sensors based on glucose oxidase by Way 
of example, there is the danger of oxygen limitation and 
hence of undesirable non-linearities if the oxygen required 
for the detection reaction cannot diffuse into the membrane 
in su?icient quantity. 

HoWever, these preferences for thin material-recognizing 
membranes are partly compensated by adhesion problems 
due to the often dif?cult binding of the thin membrane to 
support and electrode as Well as by encapsulation problems. 
A further disadvantage of thin membranes is the short 
service life of such sensors, since the comparatively feW 
active membrane components due to the loW membrane 
volume are deactivated or spent in a short time. 

The disadvantages just mentioned can be partly avoided 
by using thicker material-recognizing membranes. 
HoWever, for thicker membranes there is the problem that 
long response times for the sensor have to be taken into 
account due to the long diffusion paths from the site of the 
chemical reaction to the ?at electrode arranged on the 
support. Furthermore, some of the reacted materials may 
diffuse from the material-recognizing membrane before 
detection at the electrode surface, as a result of Which the 
sensitivity is reduced. 
A problem With sensor cross-sensitivities often occurs 

independently of the membrane thickness. The required 
minimiZation of such cross-sensitivities is often associated 
With complex and therefore expensive modi?cations of 
conventional sensors. 

The object of the invention is to overcome the disadvan 
tages of the state of the art and to provide an electrochemical 
sensor Which can be miniaturiZed to analyZe liquid or 
gaseous samples, Which has short response times and at the 
same time an increased linear measuring range as Well as a 
long service life, particularly in combination With material 
recogniZing substances. 

For an electrochemical sensor Which has at least one 
electrode having inner holloW cavities into Which the mate 
rial to be determined and/or reacted reaction products may 
enter, and in Which a material-recogniZing substance is 
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2 
incorporated in these cavities at least in some regions, 
advantageously large active detection surfaces can be 
achieved in the electrode interior even for small external 
electrode dimensions. A sensor of this type permits realiZa 
tion of high current densities and is particularly suitable also 
for miniaturiZation. 

Electrodes having inner holloW cavities and conse 
quently having inner surfaces have, in contrast to the tradi 
tional ?at electrodes, an essentially three-dimensional func 
tionality. Electrodes of this type may have, for example a 
latticed, reticulated, ?lamentary or porous structure. It is 
important that pores, tubes or other holloW cavities having 
surfaces are present in the interior of the electrode, by means 
of Which the medium to be analyZed and the material to be 
detected or reacted reaction products of the material to be 
detected may come into contact With the electrode surface. 

The advantages of sensors based on thin-layer mem 
branes and of those based on thick-layer membranes can be 
combined in a sensor having material-recognizing substance 
incorporated in the sensor electrode. Consistently short 
response times are achieved by incorporating the material 
recogniZing substance in the electrodes, in contrast to thick 
layer membrane sensors, independently of the volume of the 
material-recognizing substances. This is due to the fact that 
the diffusion path betWeen the site of the chemical reaction 
and the site of detection of the reaction on the electrode 
surface is minimal everyWhere in the electrode interior. In 
addition to short response times, high sensitivities can be 
achieved for amperometric sensors. Since the volume of 
material-recognizing substance may be increased Without 
considerable losses regarding the response times, a high 
number of active components are available. The operating 
period of the sensor is thus considerably extended. 

For sensors having material-recognizing substance incor 
porated in the electrode, it may be advantageous to increase 
the holloW cavity volumes in favor of incorporating a larger 
quantity of material-recogniZing substance for constant 
external electrode dimensions. OptimiZation of sensor ser 
vice life and sensitivity adapted to the particular application 
is possible in this manner With consistently short response 
times. 

The essentially three-dimensional sensor electrode is 
preferably in contact With an electric leakage arranaed on the 
support and is advantageously composed of several part 
electrodes (multi-layer structure). In individual or in all part 
electrodes a speci?c material-recognizing substance is intro 
duced at least in some areas, for example by capillary forces. 
Hence the same or different material-recogniZing substances 
may be embedded in different part electrodes. Embedding 
can often be carried out more simply in a multi-layer 
structure than for solid electrodes having inner surfaces. A 
layer electrode Which permits simple, layer-like production 
of individual part electrodes is produced in this manner. 

Individual part electrodes may be in electrical contact 
With one another on the surface so that only one single part 
matrix needs to be connected to an electric leakage. 
HoWever, layers of an electrically insulating material may 
also be arranged betWeen individual part electrodes prefer 
ably provided With separate leakages and may be permeable 
in each case to the material to be detected and to reaction 
assisting or reaction-accompanying materials. The part elec 
trodes may also be separated from one another by distancing 
layers (spacer) Which have perforations in a central electrode 
region. The sandWich construction permits incorporation of 
different material-recognizing substances in different part 
electrodes and simultaneously detection of a plurality of 
materials in a sample solution. 
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The electrode or part electrodes may consist of a con 
ductive parent substance, for example of metal, or of a 
conductively coated or metallised, non-conductive parent 
substance. Suitable conductive parent substances are, for 
example of metals, such as platinum, silver or gold or of a 
paste containing carbon and/or one of the afore-mentioned 
metals. These materials are also suitable as conductive 
coating for non-conductive parent substances. 

Metallic parent substances having inner surface can be 
produced, for example by etching or by laser treatment. 
Non-conductive parent substances on the other hand often 
already have an inner surface from the start. Papers, such as 
?lter paper, paperboards, glass ?bers, plastic ?bers, textiles, 
ceramics, mineral materials or materials of vegetable or 
animal origin, are suitable as non-conductive parent sub 
stances for electrodes or part electrodes. Application of 
metallisation may be effected, for example by sputtering, 
vaporiZation using pastes or adhesives or by chemical reac 
tion. 

The three-dimensional electrode preferably consists of 
an insulating parent substance Which is surrounded as com 
pletely as possible by a very thin layer of a conductor. The 
production costs of the sensor can be considerably reduced 
by minimiZing the metallisation thickness. Furthermore, it is 
possible to provide larger surface areas of the parent sub 
stance (for example paper Webs) With metallisation simul 
taneously and uniformly. Smaller pieces of it are then used 
as an electrode or part electrode for the sensors. The pro 
duction costs can thus be reduced and the signal reproduc 
ibility increased. 

The material-recogniZing substance incorporated in the 
sensor electrode preferably contains at least one active 
component, such as enZymes, microbes, bacteria or yeasts, 
Which is preferably immobiliZed using at least one gel-like 
or elasticiZed polymer, such as polyvinyl alcohol, polyvinyl 
chloride, polyurethane, acrylate or silicone. The material 
recogniZing substance may be introduced into the electrode 
parent substance by utiliZing capillary action, by vacuum 
in?ltration or by pressure ?lling. 

One or more three-dimensional support cavities receiv 
ing the at least one electrode are advantageously arranged on 
the sensor support or in the support or at least partly in the 
support of the electrochemical sensor. This at least one 
support cavity may advantageously be provided With at least 
one cover. The electrode may thus be encapsulated to 
provide protection in simple manner and therefore cost 
effectively and ?xed on the support. This method of encap 
sulation also avoids the problem of membrane adhesion 
Which often occurs in sensors based on thin-layer mem 
branes. 

The support and/or at least one of the covers advanta 
geously has an opening Which permits entry of the substance 
to be detected into the support cavity. The sensor behavior 
can be optimiZed by suitable selection of the opening 
diameter. Asmall opening diameter, for example reduces the 
outWard diffusion of the substance to be detected and the 
reacted substance. 

Support and cover advantageously consist of a ?lm 
material based on, for example polyethylene, polyester, 
polyvinyl chloride, polypropylene, polytetra?uoroethylene, 
cellulose acetate, silicone or a combination of these mate 
rials. The material should be permeable to reaction-assisting 
or reaction-accompanying materials, but impermeable to the 
material to be determined. The linear measuring range of the 
electrochemical sensor is extended in this manner, since 
depletion of the reaction-assisting or reaction-accompanying 
materials, that is a substrate limitation, is delayed. Particu 
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4 
larly Well suited material for support and cover are ?lms, 
such as heat-sealing ?lms, laminating ?lms, self-adhesive 
?lms or sealable ?lms Which are joined to one another by 
melting or adhesion. 

An electric leakage arranged on the support and contact 
ing the electrode preferably consists of a metal, such as 
platinum, silver or gold or of a paste containing carbon 
and/or one of the afore-mentioned metals, and may be 
applied to the support by a screen printing process, a 
silk-screen printing process, a dispensing process, a spraying 
process, by vaporiZation or by sputtering. 

In addition, a reference electrode or counter-electrode 
may be arranged on the support to have a reference Which is 
not in?uenced by the sample matrix or the reaction products, 
and to facilitate current ?oW for voltametric measurements. 
Asilver/silver chloride paste by Way of example is a suitable 
material for this electrode. 

Measuring electrode as Well as reference electrode or 
counter-electrode may come into contact With the medium to 
be analyZed, for example via a How channel arranged on the 
support. A sensor having integrated ?oW channel is particu 
larly suited for automation of the detection process or for 
long-term monitoring. HoWever, direct contact With the 
sample medium can also be conceived by immersion or 
trickling. 

The structure of the electrochemical sensor of the inven 
tion permits minimiZing of the in?uence of interfering 
materials and hence cross-sensitivities in simple manner. 
This is possible in tWo Ways. Firstly, an interference pro 
tective layer may be arranged betWeen sample to be ana 
lyZed and the electrode Which prevents entry of interfering 
materials into the support cavity by siZe and/or charge 
exclusion. Layers of this type may consist, for example of 
polymer layers of silicone, polytetra?uoroethylene, 
polyacrylate, polyurethane, cellulose acetate, Na?on, poly 
carbonate or polyvinyl chloride. They may line the support 
cavity completely or even partly, for example in the region 
of the support or cover opening. 
A further possibility for reducing the effect of interfering 

materials consists in arranging a further electrode, prefer 
ably in the region of the support or cover opening, betWeen 
the detection electrode and the sample to be analyZed and 
connecting to a voltage source. Interfering materials may be 
oxidiZed or reduced by applying a voltage to this electrode, 
resulting in it being possible to reduce cross-sensitivities. 
The further electrode is advantageously situated in the 
immediate vicinity of the detection electrode having inner 
surfaces and is electrically separated from the latter by an 
insulating layer or a thin gap. 

The further electrode may be designed like the detection 
electrode, but Wherein material-recognizing substance is not 
incorporated in the holloW cavities. This guarantees that 
interfering materials are reduced or oxidiZed at the surface 
of the further electrode on their path through the further 
electrode to the detection electrode With considerable prob 
ability. 

Further positive properties and preferences of the inven 
tion can be seen from the exemplary embodiments described 
beloW and the ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2 shoW an electrochemical sensor (plan vieW and 
section A—A‘), 

FIGS. 3, 4, 5 shoW an electrochemical sensor With inte 
grated reference electrode (plan vieW, sections A—A‘ and 
B—B‘), 

FIGS. 6, 7 shoW an electrochemical sensor With indi 
vidual contact of the part electrodes (plan vieW and section 
A—A‘), 
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FIGS. 8, 9 show an electrochemical sensor With integrated 
reference electrode in through-?oW arrangement (plan vieW 
and section A—A‘), 

FIGS. 10, 11 shoW an electrochemical sensor With inter 
ference protective layer (plan vieW and section A—A‘), 

FIGS. 12, 13 shoW an electrochemical sensor With par 
ticularly high co-substrate permeability (plan vieW and 
section A—A‘), and 

FIG. 14 shoWs the calibration curve of an electrochemical 
sensor of the invention having increased co-substrate per 
meability. 

Glucose can be determined by Way of example using the 
electrochemical sensor shoWn in FIG. 1 and FIG. 2. In this 
case a 250 pm thick laminating ?lm made from 
polyethylene/polyester is used for the support 1. The leakage 
2 consists of a carbon paste deposited on the support 1 by 
means of screen printing and extends into the electrode 
cavity 4. A metallised electrode made of three thin ?lter 
papers 7 of 3 mm diameter sputtered With platinum is 
situated in the electrode cavity 4. The individual layers are 
in surface electrical contact and in their entirety form the 
three-dimensional, irregularly reticulated electrode. The 
cover 3 consists of a 60 pm thick laminating ?lm made from 
polyethylene/polyester, Which is permeable to oxygen over 
the entire surface area, Whereas it is permeable to glucose 
only through the previously punched opening 5 having a 
diameter of 1 mm. The diffusion of glucose into the support 
cavity 4 is possible via this opening. The material 
recogniZing membrane consisting of a solution of glucose 
oxidase in a photo-crosslinkable polyvinyl alcohol gel, is 
introduced into the pores of the metallised electrode cavity 
4 through the opening 5. Distribution of the membrane in the 
support cavity 4 is thus effected by capillary forces. The 
material-recognizing membrane is polymeriZed by UV 
radiation and thus rendered Water-insoluble. The support 
cavity 4 is a reservoir for the material-recognizing mem 
brane and thus extends the service life of the sensor. 

FIG. 14 shoWs the calibration curve of a sensor of this 
type. The good linearity, even for high glucose concentra 
tions up to 35 mmole/liter, due to the improved co-substrate 
permeability can be seen clearly. For traditional sensors the 
end of the linear range lies at considerably loWer glucose 
concentrations. 

Determination of a number of other substances is possible 
using an electrochemical sensor of this type, in addition to 
glucose determination, Wherein essentially the composition 
should be adapted to the material-recognizing membrane. 
Some examples are outlined in the folloWing table: 

Material 
recognizing 

Analyte substance Co-substrate Detection 

Cholesterol Cholesterol Oxygen Hydrogen 
oxidase peroxide 

Triglycer- Esterase, Oxygen Hydrogen 
ides glycero- peroxide 

kinase, 
glycero 
phosphat 
oxidase 

Creatinine Creatinin- Oxygen Hydrogen 
ase, peroxide 
creatinase, 
sacrosin 
oxidase 
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-continued 

Material 
recognizing 

Analyte substance Co-substrate Detection 

Uric acid Uricase Oxygen Hydrogen 
peroxide 

Integration of the counter-electrode 8 is shoWn in FIGS. 
3, 4 and 5. In a double-electrode arrangement, the counter 
electrode 8 also assumes the function of the reference 
electrode. A silver/silver chloride paste, Which is applied to 
the support 1 by means of screen printing, serves as material 
for this. 

Contact of individual support cavities 4 and 4‘ by means 
of separate leakages 2 and 2‘ is shoWn as the next example 
of the invention in FIGS. 6 and 7. The leakages 2 and 2‘ are 
separated from one another by an insulating layer (spacer) 6. 
The separated support cavities 4 and 4‘ are joined to one 

another by the opening 5‘ in the insulating layer 6. TWo 
materials can be detected at the same time using this sensor 
con?guration by introducing different material-recognizing 
membranes into the support cavities 4 and 4‘. 

In addition, there is the possibility of only ?lling the 
electrode in support cavity 4 With a material-recognizing 
membrane. For the example of glucose determination, the 
electrode incorporated in the support cavity 4‘ and connected 
to a voltage source then serves to oxidiZe oxidisable 
substances, such as ascorbic acid or uric acid, at 700 mV 
against a silver/silver chloride paste, so that they no longer 
interfere in the determination in the support cavity 4. 
A further modi?cation of the electrode is shoWn in FIGS. 

8 and 9. A How channel 9 is inserted here betWeen the 
electrode cavity 4 or the reference electrode 8 and the cover 
3, as a result of Which adaptation of the sensor for through 
?oW measurements is facilitated Without considerable 
expense. 

FIGS. 10 and 11 shoWs a further electrode of the 
invention, in Which an interference protective layer is 
applied above the support cavity 4. 

FIGS. 12 and 13 shoWs a further example of the sensor of 
the invention. A larger hole as the opening 5 of the support 
cavity 4 is punched in the cover 3 made from laminating 
?lm. The support cavity 4 is covered by a layer 11, Which has 
a particularly high co-substrate permeability and in Which 
the opening 5 is introduced. 30 pm thin silicone ?lm, a 
material having very high oxygen permeability, is used here 
for the glucose sensor. Materials Which cannot be melted or 
adhered particularly easily can also be used for the sensor 
structure in this manner. 
What is claimed is: 
1. Electrochemical sensor for determining material con 

centration comprising a support and an electrode arranged in 
a region of the support, Wherein the electrode comprises a 
plurality of electrode layers arranged one above another, 
Wherein tWo of the plurality of electrode layers each com 
prises a non-conductive parent substance, Wherein the non 
conductive parent substance of at least one electrode layer 
has inner holloW cavities Within it, Wherein at least some of 
a surface of the inner holloW cavities Within the parent 
substance is coated With a layer of a conductor, and Wherein 
a speci?c material-recogniZing substance is incorporated 
into at least some of the inner holloW cavities Within the 
non-conductive parent substance of at least one electrode 
layer. 
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2. Electrochemical sensor according to claim 1 wherein a 
spacer comprising an electrically insulating material is 
arranged betWeen the electrode and another electrode. 

3. Electrochemical sensor according to claim 2 Wherein 
the tWo electrodes are provided With separate leakages. 

4. Electrochemical sensor according to claim 1 Wherein 
the non-conductive parent substance comprises an element 
selected from the group consisting of: paper, ?lter paper, 
paperboard, glass ?bers, plastic ?bers, textile, ceramic, 
mineral material, and material of vegetable or animal origin. 

5. Electrochemical sensor according to claim 1 Wherein 
the material-recogniZing substance comprises an element 
selected from the group consisting of: enZymes, microbes, 
bacteria, and yeasts. 

6. Electrochemical sensor according to claim 1 Wherein 
the material-recognizing substance is immobiliZed With the 
aid of an element selected from the group consisting of: gel 
polymer, elasticiZed polymer, polyvinyl alcohol, polyvinyl 
chloride, polyurethane, acrylate, and silicone. 

7. Electrochemical sensor according to claim 1 Wherein 
the support comprises a cavity receiving at least one elec 
trode layer. 

8. Electrochemical sensor according to claim 7 Wherein 
the support cavity is provided With a cover. 

9. Electrochemical sensor according to claim 8 Wherein 
the support and/or the cover is permeable to reaction 
assisting or accompanying materials and is impermeable to 
a particular material to be determined. 

10. Electrochemical sensor according to claim 8 Wherein 
the support and/or the cover has at least one opening. 

11. Electrochemical sensor according to claim 8 Wherein 
the support and/or the cover comprises an element selected 
from the group consisting of: beat-sealing ?lm, laminating 
?lm, self-adhesive ?lm, and sealable ?lm. 

12. Electrochemical sensor according to claim 1, Wherein 
a reference electrode and/or counter-electrode is arranged on 
the support. 
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13. Electrochemical sensor according to claim 12 Wherein 

the electrode and the reference electrode and/or counter 
electrode come into contact With a sample medium to be 

analyZed via a How channel. 
14. Electrochemical sensor according to claim 1 Wherein 

an interference protective layer is arranged betWeen a 
sample medium to be analyZed and an electrode layer. 

15. Electrochemical sensor according to claim 14 Wherein 
the interference protective layer comprises an element 
selected from the group consisting of: polymer layer of 
silicone, polytetra?uoroethylene, polyacrylate, 
polyurethane, cellulose acetate, per?uorinated membrane, 
polycarbonate, and polyvinyl chloride. 

16. Electrochemical sensor according to claim 1 further 
comprising another electrode connected to a voltage source 
and arranged betWeen a sample medium to be analyZed and 
at least one electrode layer. 

17. Electrochemical sensor according to claim 16 Wherein 
the support comprises a cavity receiving at least one elec 
trode layer, Wherein the support cavity is provided With a 
cover, Wherein the cover has at least one opening, and 
Wherein the received electrode layer is arranged in a region 
of the opening of the cover. 

18. Electrochemical sensor according to claim 1 Wherein 
the support comprises a cavity receiving at least one elec 
trode layer, Wherein the support cavity is provided With a 
cover, Wherein the material-recognizing substance contains 
glucose oXidase for determining glucose, and Wherein the 
support or the cover is permeable to oxygen. 

19. Electrochemical sensor according to claim 1 Wherein 
the conductor comprises an element selected from the group 
consisting of: platinum, silver, gold, and carbon. 


